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CHARA~ER 12ATION OF SHCXX-UXDED AIAJHIMJM-INFIL~TED ~~N CARBIDE CERHETS

M.R. BUWE~L, and G.i. GRAY 111

Haterials Science ●nd TechnoJoqy Divisitin,Las Al aws Nat ional Laboratory, IXMJ
A;3nos, %eti~exl.-.~ 6“..545USA

Sho:k - recove q ewri~nts were prformed on aluminum-infiltrated B4C cemats as a
funcrlon of shack pressure and composition. The effect of strain rate under uniaxial
stress l-dlnq was also studied. Compressive ,stlength was dete-ined to be
:fisensltive to strain rate between 10-3 and 10 s-l. T~ examination revealed
dlsiocatlx detmls and twins in a few B4C grains aftershock-loadirq abve an upper .
bcund HEL es:lmate. Bela4 this shock pressure the B4C substructure responded
elast:=311y. Elastic ■oduli and strengths were highly dependent on the fraction of
E!.CAn rne .-.?naets. Hweve K, high yield and failure strains and limited fragmentation
●!:er sh~ k :r,~dlnqattest that the aluminus phase contributes significantly to the
s-ye::::..~y.:.-...::::....... ..

-..

* Stipprtei b:- the DARPA Balanced Technology Initiative and performed under the
2..:5 P :ces ot Cke-:.S. Department of Energy.



10= and I(F s-’. High strain rwc loading was

achieved with a Hopkinson split pressure bar and

quasi-static testing was ~tiormed widl a hydraulic

lcsting machine. S:rain was mcasurd directly on the

samples with three independent strain gages Mmchd

at equal intervals around the gage section. Strain was

measured at 0.030S and 107 second intervals for [he

quasi-static and Hopkinson bar tests, respcctivcly,

3.2 Shock Recovery

Shock recovery experiments were pcrfmmd using an

80 mm single-slagc gu gun. Sumples lti mm dia x

3,8 mm thick were confined in a M mm diwnclt!r

li4A14V container with a threwlcd plug as dcscrilwd

clsewherca. Sample contuincrs were “soflmrrcovcrd

to pre.seme Ihe shock.inth,rccd micros[rucwrc by

deceleration inm a water cdch chid~.r bchiml tlw

impacl/projectile slrippcr chwnlwr. S;implts ucrc

impacted wi[h M mm to 3.() mm thick ‘1.i-fw\l-4\’

flyers tu gcncralc onc nlicrowctmtl pulses. Impm-1

vdlt~cilics t~fbclwccn NM m/s ;lml 1[11~in/s Wt ru usrd

m produced ptm;lkshiwk m@iIudLIs (Ii C (: 1’.1I{)I(M

(;I’a ill ttlc hf”i 114(. ccrmcls. llnp;iLu vvli~uill~”~i)l

tlchm’~11 fl][) 111/% illld Iolo” 111/s LLrrL! lls~’d ill gL’llL’f.llL’

l~tik ~hi~~k il[nplitiid~~ {)( 7 (il’;i [{) 12 f ;l’;~ III III(*

~()(”; I!d(. CCrllk’1. I:(dhlllg dl{lL”h WL’l)\L’f) !h”

nlicrmlruclurc t~f the ccrmcts um (’llilrilL’lt’rl/L’l! h

Tl:!bla,

:, RI%! :1.”[-s

4.1 ( ‘[mqwc~silm

Ail f~f IIIC CcrlUCis dl~l~lil}~”{l:1dINl!II-.U }K’lkl lNIIIIl dl

iltNNll I .J’”i \lril;ll (Ilgurt l), lL’g:ll IllL’*~ III

c(mqxhitllm 1)1 qlpllcd Slrillll IJIL”. Ill ihl(llllllll, IIIL.

p’A Nrrllglhi wcrr m)l wmltml~ tll lh .Ilq IIILU1KII.1111

r;llc (w IIIC illlllllllllllll L’llllllMl~lllllll ltl Nbt”\L’1.

lkhlrlllil[l(Ml Wlh(llllmlll h! Iht” llL’.lh \ll(’** LL.1*

lllt’~l~lll~lllly ~r~illl’1 Ill 1111”(l\llilllll L” 11’$li 1111111.lllli lllll?
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1. INTRODUCTION .

The mechanical and microswucturd response of

cermcls m high strain rate ml shock loading is Iargcly

unknown. Sudies of polycrysldline ceramics Iwve

shown ~hat flaws can cuu.se fragmentation al

compressive shcxk preswres Mow the }{ RI.’. O[her

sludies2 of dense, pure alumina found no

micrucracking aflcr shocking up to twice [he 11111.. In

addition, microplamicity was observed below the

macroscopic I IE1. The ohjeclive of this study was 10

investigate Ihe rnicroswuc[ure illld nwxhanical

properties of tough duminum-heron t-urhidc ccrrmm

M a function of shock pressure, slrtiin rmt! :.mf

composition “lIre invcsligalion Ww C[mlpriscd (If

qr.msi+ttilic. t.lymrmic ( I lopkin~on Ilur) cmqm.*si[m,

;Ind %lfl” hdi rccoic~ mpcrimcnh.

~ I !iI’1 l{1311”5iI Al 1’1{()(”1 [)[”1{1 \

~ I ( IIIIIIMWIIIII I r\llll&

I Illiltl;ll L’lmlllll’wm I{’*I* M(”lr prlllllmcll 11*111):

lllllllh IWII Kll;lilc[l N~Wlllll~ll\ ;Il Illlllllllill ‘-11.1111 l.11{’~ ‘It





0( plastic flow (dislOca[iOn debris) ufmr 5 und N.-l CJPU

shocks of the 65% B, C-pure Al and 7075 111cermcls,

respectively, Higher magnification TEM of the 1().b

GPa shocked b5~o B,C-pure AI sample reveuled hut

some B4C grainscmr[airied evidence of lmwl plm[ic

deformmi[m im.1 olhers showed fine de formulit)n [wins

and stacking fw.rl[s (Figure 3), Ilcse rcsul[s suppon

the upper hound tIEL vulue discussed ulww. TIN

h5?i B4C-pure Al and 7075 Al ccrmcl rlliL’roslrL]L.[t:r;ll

response to shock loading uus Colnpilrubic wi[h IM)III

Al ph~ses exhibiting uniformly diswihutcd di>lt~c;l[ii)n

debris.

5. DISCUSSION

The elastic and compressive wrcnglh I)r(lpcrlics t)l

[he cermcts are lurgcly dominutec! by II)C frtiu[ioll t~(

134C, 1{owcvcr, the high yield s[ruin am.1 pcrm;lncn!

dcformtili(m priOr 10 fiiilurc attcs[ thul tlw :Ilunlillunl

phiue also cimtritrutcs significantly [() the st:cng[h :Ind

~truclur;d inlcgrity of tlwse ccrmets. Tlw yiuld slr;lill

()[ [he ccrnlel~ is U: lCtiSI ~s(i higher []1:111f;lllllr~

~tr;ulm (Jl!;iilmd In idcnlic:llly lcstcd hrilllc nlt~nl)lilhic

L-crumics. A ctmlpuruldc vtilue of f~ilurc s[ruin tiltd

ftillurc rmdc can be ilchicb’ed during c[)ll:llrcs\it)ll

lesling [~f hritllc certimics by tipplyillg a mf)(!csl

cmfilling pressurti ( I(H) Mlh)’, ‘l-hc RCUM II NNIC1

ussumc$ Itlc u~qllicd axiul slrcss ill C:lch ~Ihd.w Ii) h

Cqllill. Ihwcver. I’lliwlln’i r~li[i t’tw .:11Is W)’ i grc;llcr

Itlilll ff~r 114(”, so Itldl :1 c~lllfinlng Iwcshrc L“lII1 Ill’

~}[~~tul:l[rd It)l!cvcl(q] on tlw 1)4(- \lll~slrul.lllrc :IuIglIl\

cqII;Il Ii) [h ~wlduct {)f” the dIllr IcIItT III I’tuwtm

r;l[ltm, IIIC illlllllt!(l ;Ikl;ll slru\\, ;Illil IIIC t[)llllllt” 11;1(”11(111

IIt Al :I\+IIIll III~ llIt. /\l rcm;llll\ cl, I\l IL :\ l“1llll ,11111}:

ll![m\\ll I1’ (11 illlf)ill 1 1[) 111’il IS 111(’(IICI1’11 ,11 .’ ( 11’.1 .l\l,ll

Silt’w I’1 ;1 (1<’; 1]4[ tcflllrl ,11 .t ( il’i, ;I\I, Il ilrl,sx ;I

L’lllllllllll)! illl’~~1111’ Ill I u) !\lt’,1 l\ (Jlt”lll,ll(’il 1( II ,111

so” ; 1)4( (“1”11111’1 1“111s illl;ll\\l\ l):lllllc~ 111.ill\ (11’1.111~

\ll L”tl il~ plil\llt”ll\ Ill Illc ?\l, \[’1 II (l(’llll lllkll,ll(’\ 1111’

I)(IICIIII:II I(II 111(”,Al ~lll;lw Ill (’{)111111(’ 111( 114( 1111,1.(’



In mldititm, once Ihe B4C: plmsc hcgins I() micn)crw-h

the well-bonded Al ph~sc cun arrest the crticks ;IINI

delay camirophic ~~ilure unlil u nc[wwrli of crwks

coalesce and cause final failure. ‘he results of the

“sof[” recove~ shock experimems similorly show [hit

[he 65% B4C cerme~ do not catmrophically frugmcnt

upon shock loading even at pressures shove the upper

bound HEL This mus[ be due to ~he [ough Al phi~~~

which can arrest cracks w-d al[enuute stress waves hy

plaslic deformation. Above I he upper hound 11El.

(9.75 (JPa), plasticity and twins appear in a sfi~all

fraction of [he B4C grains. The N09c B4C ccrmct acts

like a brittle monolidlic ceramic, but it still rcsisls

complete fragmentation al shock hxds equul M Ihc

upper bound I{ El. es;imale.



Both Al compositions exhibited ‘:niform plasticity ~[

all applied shock pressures.
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